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  Foreword


  




  In May 2008 the First International Epilepsy Colloquium on the mesial temporal lobe epilepsies (MTLE) was held in Marburg, Germany. It was the kick-off colloquium for a series of colloquia organized in close cooperation with colleagues from IDEE in Lyon, France (A. Arzimanoglou, P. Ryvlin and P. Kahane) and Hans Lüders from University Hospitals Cleveland, USA. This new series of Colloquia held sequentially and annually in Marburg, Lyon and Cleveland is based on the long-lasting tradition of the Bethel-Cleveland Epilepsy Symposia and likewise is focused on a specific subject of common interest to neurologists, epileptologists, neurosurgeons, neuropediatricians and neuroscientists involved in the (operative) treatment of epilepsy.




  For this colloquium, we focused on mesial temporal epilepsies because this is the group of focal epilepsy syndromes (or “constellations” according to the newly proposed ILAE terminology) which is most prevalent, most frequently operated on and has therefore been at the center of interest of epileptology and neuroscience for a long time. Major progress in our understanding of MTLE has been made since the publication on MTLE-HS by Wieser and coworkers in 2004. These advances include our understanding of the neuropathological classification of MTLE, its correlation with the clinical course as well as our ability to model this disease in toxin-free animal models and to investigate and further define it through genetic, immunological studies and innovative electrophysiology methods.




  We were fortunate to be able to bring together a group of outstanding international clinicians and neuroscientists involved in the study of MTLE willing to contribute to this volume of the “Progress in Epileptic Disorders” series which provides a comprehensive up to date and thought-provoking overview of a novel look at the MTLEs.




  The book is organized in 5 sections covering: 1) concepts and pathophysiology; 2) clinical characteristics; 3) clinical and experimental neurophysiology; 4) structural and functional imaging findings; and 5) the treatment strategies applied to mesial temporal lobe epilepsies of variable etiology.




  In the initial section, Philippe Ryvlin starts off with an in depth discussion of MTLE subsyndromes as an expression of the involvement of different networks and he proposes MTLE-plus, as a novel concept. Fabrice Bartolomei and Patrick Chauvel explain how network-properties can be characterized and quantified leading to a new understanding of and potential treatment options for MTLE. Ingmar Blümcke presents a new classification of MTLE with hippocampal sclerosis (HS) which was, in a multicenter study, correlated with clinical course and postoperative outcome. Jocelyn Bautista summarizes the available data on the genetics of MTLE-HS and febrile seizures. Finally Robert Sloviter reports on a new toxin-free rat-model of MTLE-HS induced by a specific stimulation paradigm of the perforant path.




  In the second section, the natural course, different etiologies and the diagnostic relevance of ictal semiology in adults are analysed by Soheyel Noachtar, Nancy Foldvary-Schaeffer and Felix Rosenow. The semiological characteristics of MTLE seizures in children and adolescents are discussed by Andras Fogarasi and Alexis Arzimanoglou. Finally Bettina Schmitz, Marco Mula and Michael Trimble provide a detailed review on cognitive and psychiatric symptoms and related modern treatment concepts.




  In the third section Hajo Hamer, Philippe Kahahne and Hans Lüders start off by providing a comprehensive review of surface and invasive EEG (including S-EEG-findings) in MTLE and Julia Jacobs provides insight into the relevance of high frequency oscillations (ripples and fast ripples) in the presurgical diagnosis of MTLE. Hideaki Shiraishi describes how MEG is used not only in the definition of the irritative zone but also of eloquent cortex. Finally Istvan Ulbert informs us about the experimental use of laminar electrodes to explore the function of the mesial temporal structures patients and animal models of MTLE.




  Structural and functional imaging has undergone revolutionary changes over the last decade. In section IV, Susanne Knake, Tim Wehner and Ellen Grant summarize the state of the art including cutting egde methods of structural MRI used in MTLE. This includes the visualization of “eloquent tracts” by DTI. Kirsten Labudda and Friedrich Woermann discuss how sensitive and specific functional MRI is in deliniating irritative zone and eloquent cortical areas. The reliability and current contribution, advantages and disadvantages in lateralization of language and memory functions by the goldstandard technique Wada-test and the novel technique of functional transcranial Doppler-sonography (fTCD) are described by Anja Haag and Tobias Loddenkemper. The section is completed by Wim Van Paesschens review on the role of ictal SPECT in the presurgical diagnosis of MTLE.




  The fifth and final section discusses standard as well as new treatment strategies in MTLE. Eugen Trinka discusses the available literature on syndrome related drug treatment approaches for MTLE, Giorgio LoRusso and Laura Tassi describe indications for and the techniques of SEEG-implantation in MTLE and Stephan Chabardes, Shivadatta Prabhu, and Taner Tanriverdi give a comprehensive overview of the different surgical approaches developed over the decades. Our current knowledge of predictors of postoperative seizure outcome are summarized by Alois Ebner and the methods and future role of seizure prediction/detection as well as deep brain stimulation for suppression of seizures in patients with MTLE are reviewed by Christoph Kurth. Last but not least Bernhard Steinhoff provides a critical evaluation of behavioral approaches in MTLE-treatment.




  We would like to thank all the experts who invested a lot of thought and time to write detailed and thought provoking chapters covering all aspects of MTLE. We also thank the attendants at the colloquium whose active participation in the discussions during the meeting played a significant role improving the book. We also greatly appreciate the efforts of the staff of JLE who made this book a success.




  Felix Rosenow, Philippe Ryvlin, Hans Lüders
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  Section I:


  Concepts and pathophysiology of mesial temporal lobe epilepsies




  The concept of mesial temporal lobe epilepsy




  Philippe Ryvlin, Philippe Kahane, Alexis Arzimanoglou




  Institute for children and adolescents with epilepsy IDEE, University Hospitals of Lyon, France


  




  Temporal lobe epilepsy (TLE) is the most commonly reported form of refractory epilepsy and accounts for the majority of adult patients with partial seizures. Classically, mesial TLE (MTLE) refers to TLE implicating mainly the hippocampal formation, especially in the case of hippocampal sclerosis (HS). However, cases of TLE with HS have been described with other seizure onset zones or pathological findings affecting other mesial temporal structures (e.g. amygdala, entorhinal cortex), or the temporal pole, leading to the term “limbic epilepsy” which refers to seizures originating from temporal limbic structures (Engel, 2001; 2006). In contrast, neocortical TLE is the term used to describe temporal lateral or basal seizure onset zones, in the absence of any pathology of the mesial temporal structures.




  Mesial and neocortical seizures may be distinguished clinically and electrophysiologically (O'Brien et al., 1996; Foldvary et al., 1997), however, there is also considerable overlap of clinical signs (Burgerman et al., 1995), complicated by the fact that mesial epileptic activity may extend into the neocortex. With the advances of neuroimaging and intracerebral EEG recordings, a number of extratemporal structures were found to be frequently involved in MTLE (with HS), justifying a revision of the framework underlying this concept (Kahane & Bartolomei, 2010).




  The origin of mesial temporal lobe epilepsy




  The concept of MTLE has origins in the description of Ammon's horn sclerosis, of which the first historic report was published by Bouchet and Cazauvieilh in 1825 (Bouchet & Cazauvieilh, 1825). In this early report, hardening of the mesial temporal lobe was described in postmortem brains, as well as the hallmarks of sclerotic transformation characterised by neuronal loss within the hippocampus. Based on the studies of Bouchet and Cazauvieilh and his own, Sommer presented the first detailed histological description of Ammon's horn sclerosis, noting particular neuronal loss in an area known as Sommer's sector or CA1 (Sommer, 1880). Further detailed description by Bratz (1899) more convincingly established the role of hippocampal pathology in the pathogenesis of epilepsy.




  At the same time, in the latter part of the 19th century, Hughlings Jackson, who recognised partial seizures as epileptic events, gave a clinical description of some relevant clinical findings of MTL seizures. He importantly identified the relationship between limbic-type seizures, which he referred to as “intellectual auras” or “dreamy states”, and lesions described in the mesial temporal areas (Jackson, 1880; 1898). However, it was later in the middle of the 20th century that Cavanagh and Meyer brought to light a clear link between Ammon's horn sclerosis and TLE (Cavanagh & Meyer, 1956) and the characteristics of MTLE were further defined by Hill et al. (1953) and Falconer (1971). In the seminal paper of Cavanagh and Meyer (1956), the link between Ammon's horn sclerosis and TLE was pertinently suggested to be probably neither simple nor direct. An imbalance of activities generated between an atrophic hippocampus and the adjacent limbic structures (the amygdala in particular) was implicated to explain, in an indirect manner, the genesis of neuronal hyperactivity from atrophic hippocampi. This notion has since been reinvestigated from an experimental angle using hippocampus/entorhinal cortex slices by the group of Avoli and colleagues, who suggested that the ability to produce recurrent limbic seizures, as seen in patients with MTLE, is the result of changes in network interactions along with other mechanisms of synaptic plasticity (Avoli et al., 2002).




  Following the early comments made by Bratz (1899), HS was controversially perceived as a consequence rather than a cause of epilepsy. This was further supported by others (Fisher et al., 1998; Berg et al., 1999). Although this point of view was not shared by all (Falconer et al., 1964), modern neuroimaging and animal models indeed indicate that early-life seizures may increase susceptibility to neuronal injury later in life.




  The term “mesial temporal epilepsy” was coined by French et al. (1993), following the terms “medial temporal lobe” (Tharpe, 1979), “mesial temporal seizures” (Lieb et al., 1987) and “mesial temporal sclerosis” (Falconer & Taylor, 1968).




  Classic clinical presentation of mesial temporal lobe epilepsy




  In its typical presentation, MTLE with HS is characterized by a strong association with antecedent febrile seizures, progressive development which leads very frequently to drug-resistance, topographic distribution of interictal and ictal EEG abnormalities which tend to be focused around the anterior and basal temporal lobe regions, and neuropsychological and functional neuroimaging data which also point to MTL structures (Cendes et al., 2002). This entity is likely to produce automotor seizures, with a relative absence of tonic-clonic generalised seizures and status epilepticus. Initial loss of contact without aura is uncommon and rather suggests a mesiolateral onset of seizures (Maillard et al., 2004). Seizures often initiate with an epigastric sensation (French et al., 1993), but emotional (e.g. fear) or other psychic (e.g. déjà-vécu) auras and autonomic symptoms (flushing, palor, mydriasis, tachycardia, etc.) are also common. Some patients can have olfactory sensations (King & Ajmone-Marsan, 1977), but the question of a possible orbito-frontal involvement must be raised. Auras may occur in isolation, or progress towards a motionless stare, oroalimentary automatisms (e.g. lip smacking, chewing), less frequent verbal automatisms, and progressive clouding of consciousness. Hand automatisms are frequent and tend to be predominantly ipsilateral to the sclerotic hippocampus, due to contralateral dystonic posturing (Kotagal et al., 1989). At this stage, loss of consciousness is common, but the patient may remain responsive, even in conjunction with automatisms (Ebner et al., 1995). When present, clearly intelligible ictal or immediate postictal speech is suggestive of non-dominant hemisphere involvement (Gabr et al., 1989). Seizures typically last for one to two minutes. There is transient postictal disorientation and, with onset in the language-dominant hemisphere, there may also be some degree of postictal aphasia. Postictal nosewiping, typically performed with the hand ipsilateral to the seizure onset zone, is recognized as a frequent symptom (Leutmezer et al., 1998). Patients are most frequently amnesic of the ictal phase, however, the aura is usually remembered.




  This classic ictal clinical presentation, when complete, is suggestive of MTL seizure onset, but there are no definitive characteristics which distinguish patients with HS from those with other mesiotemporal lesions or without any detectable MRI abnormalities. Yet, even typical ictal symptomatology may be due to the spread of ictal discharges from other temporal and even extratemporal areas. Conversely, although seizures may be of mesiotemporal lobe origin, they can manifest with very atypical clinical features. Overall, it is generally agreed that electroclinical features are highly variable between patients and are not specific to any form of TLE (O'Brien et al., 1996; Gil-Nagel & Risinger, 1997; Wieser et al., 2004).




  The epileptogenic network(s) in mesial temporal lobe epilepsy




  Evidence of extrahippocampal pathology in patients with MTLE was first reported in the early publication of Cavanagh and Meyer (1956). Pathological findings were then observed in various structures, including the uncus, enthorhinal cortex, amygdaloid nucleus, temporal pole and temporal neocortex (Babb & Brown, 1987; Wolf & Wiestler, 1993; Munari et al., 1994; Pasquier et al., 1996; Spanedda et al., 1997; Yilmazer-Hanke et al., 2000). Accordingly, MRI studies have demonstrated atrophy in the amygdala, entorhinal cortex, and temporal pole, but also disclosed volume reduction of the fornix, mamillo-thalamic tract and mamillary bodies (Moran et al., 2001; Coste et al., 2002). Likewise, FDG-PET may show extensive interictal hypometabolism, predominating over the epileptogenic mesial temporal structures and temporal pole, but also affecting the ipsilateral lateral temporal neocortex, perisylvian areas including the insula, thalamus, and at times, frontal or parietal cortex (Semah et al., 1995; Chassoux et al., 2004).




  In line with these pathological, morphological and metabolic changes, intra-cerebral EEG data have shown that a hippocampal onset was reported to account for only 20-65% of seizures of patients with MTLE (Munari et al., 1994; King et al., 1997; Spanedda et al., 1997; Chabardès et al., 2005). Accordingly, animal studies have indicated that extrahippocampal structures may be particularly epileptogenic (Halonen et al., 1994; McIntyre & Kelly, 1993). Based on intracerebral electrophysiological data, Kahane and Bartolomei (2010) have recently proposed subtypes of TLE which cover both the limbic and neocortical systems, referred to as “mesial”, “temporopolar”, “mesiolateral”, “lateral” and “temporal plus” (Figure 1). Briefly, seizures of the mesial subtype may start from the hippocampus, but also from the amygdala (Munari et al., 1994), both the amygdala and hippocampus (Spanedda et al., 1997), the parahippocampal gyrus (Wennberg et al., 2002) and the entorhinal cortex (Spencer & Spencer, 1994; Bartolomei et al., 2005). Clinical signs and symptoms do not necessarily derive from mesial temporal involvement (Sperling & O'Connor, 1990), and may reflect seizure spread over extra-MTL structures, such as for epigastric aura (Munari et al., 1994) which could be related to insular propagation (Isnard et al., 2000). Results of intracerebral stimulation suggest that fear aura could be more specifically related to the amygdala (Fish et al., 1993; Meletti et al., 2006), and experiential phenomena to the involvement of the rhinal cortex (Bartolomei et al., 2004). The preferential involvement of one or more MTL structures, however, does not necessarily lead to major differences in terms of seizure symptomatology, in as much as each patient may exhibit different seizure onset zones within this complex MTL network (Spencer & Spencer, 1994; Wennberg et al., 2002). Nevertheless, patients with hippocampal onset may have predominantly epigastric auras and early oral automatisms, while those with extrahippocampal onset may have predominantly experiential auras and early motor involvement of the contralateral upper extremity without oral automatisms (Gil-Nagel & Risinger, 1997). In seizures which arise from the temporal pole alone or concurrently from MTL structures (temporopolar subtype), the first clinical signs and loss of awareness occur earlier than in MTL seizures, therefore suggesting that the temporal pole may play a pivotal role in seizure propagation (Chabardès et al., 2005). This subtype is possibly a variant of the mesiolateral subtype, in which the ictal discharge occurs simultaneously from mesial and lateral temporal lobe structures (Bartolomei et al., 1999). In fact, mesiolateral temporal lobe seizures exhibit some overlapping clinical features with temporopolar seizures, with frequent initial loss of awareness, and early oralimentary and verbal automatisms (Maillard et al., 2004). Cases of TLE with HS where seizures originate from the temporal neocortex (lateral subtype) are anecdotal (Arzimanoglou & Kahane, 2008). Although very rare, such cases should be suspected in the presence of auditory aura or initial loss of contact, a short duration of seizures, and frequent secondary generalisations (Maillard et al., 2004). In a more substantial number of cases, neighbouring extratemporal lobe structures, such as the orbitofrontal cortex, the insula, the frontal and parietal operculum, and the temporo-parietooccipital junction, may also be involved at onset together with temporal lobe structures, defining the temporal plus subtype (Ryvlin & Kahane, 2005). Clinical signs associated with this form of epilepsy include gustatory hallucinations, rotatory vertigo, auditory illusions at seizure onset, contraversive manifestations of the eyes and/or head, piloerection, ipsilateral tonic motor signs, and postictal dysphoria (Barba et al., 2007).




  Overall, it appears that the epileptogenic networks which are associated with the so-called “MTLE syndrome” are rather heterogeneous, and further discussion should be addressed to establish whether this should be taken into account in order to (re)define the concept of MTLE.
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  Redefining the concept of mesial temporal lobe epilepsy




  In 2004, a subcommission of the International League Against Epilepsy, chaired by Heinz-Gregor Wieser, readdressed the notion of MTLE with HS (Wieser et al., 2004). The majority of the subcommission established that MTLE with HS should be described as a syndromic entity, based on a sufficient cluster of signs and symptoms, with the suggestion that MTLE with HS is a subtype of the larger syndrome of MTLE. However, this conclusion did not reflect a consensus of the commission due to the uncertainty surrounding the progressive nature of hippocampal sclerosis, genetic predisposition and the variability of past history (febrile seizures, trauma, hypoxia, and intracranial infection). Acknowledging the existence of MTLE with HS as a syndrome has, nevertheless, been of importance since it has helped to promote early diagnostic and appropriate management for this surgically treatable condition. This concept should also be further instrumental for subsequent basic and clinical research studies. However, it is clear that the term “mesial temporal” has not been adapted to suit the above described clinical, electrophysiological and anatomo-pathological characteristics of these forms of epilepsy which should be preferentially referred to as “temporal limbic epilepsy”. A better understanding of the clinical heterogeneity and variety of epileptogenic networks underlying this condition, which possibly depends on disease duration (Bartolomei et al., 2008; 2010), is required to improve the overall success rate of surgery in TLE.
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  Mesial temporal lobe seizures (MTLS) are the most common form of partial epileptic seizures originating in the temporal lobe (Williamson et al., 1998). They are frequently resistant to antiepileptic drug treatments. Depth-EEG recordings performed with intracerebral electrodes during presurgical evaluation have demonstrated that MTLS are generated within the mesial part of the temporal lobe (Bancaud, 1981; Engel et al., 1989; Spencer et al., 1992). However, the precise functional anatomical organization of the epileptogenic zone (EZ) and the region from where seizures start are still matters of debate (Bartolomei et al., 2001b; Bertram et al., 1998).




  According to the “focal” model, a single pathological region is responsible for the generation of seizures. Accordingly, in the past, most studies have focused on the role of hippocampal alterations in temporal lobe epilepsies (TLEs) and some of these studies also established a link between the presence of hippocampal atrophy and the area of seizure onset (King et al., 1997).




  In contrast, the “network” model holds that seizures result from a more extensive alteration of limbic networks within the temporal lobe (Bartolomei et al., 2001b; Bertram et al., 1998). Recent studies have lent strength to this last model. Besides the classic finding of hippocampal atrophy, neuroradiological studies have demonstrated a statistical reduction in the volume of other limbic regions, particularly the entorhinal cortex in patients with TLEs (Bernasconi et al., 1999; Bernasconi et al., 2000; Briellmann et al., 2004; Jutila et al., 2001), corroborating previous neuropathological data (Du et al., 1995). More direct arguments are based on experimental studies showing that the substrate of seizure onset in TLEs more frequently simultaneously involves several limbic regions rather than a unique site (Bertram et al., 1998). In addition, it has been shown that other mesial temporal lobe structures may play a key role in seizure genesis, such as the entorhinal cortex (Bartolomei et al., 2005; Spencer & Spencer, 1994) or the limbic part of the temporal pole (Chabardès et al., 1999).




  This brief review deals with the emerging concept that seizures in mesial temporal lobe epilepsy (MTLE) are probably more appropriately described as a consequence of diseased mesial temporal lobe networks, rather than a focal process. As a result, these seizures constitute a good example of so-called “epileptogenic networks”, a concept that may be applicable to other types of partial seizures (Bartolomei et al., 2008).




  Intracerebral recordings are the only way to directly study the electrical behaviour of the different temporal lobe structures. Progress made in stereotactic approaches have led to the possibility of recording all the brain structures which are potentially involved in the production of ictal discharge in TLE. In particular, stereoelectroencephalography (SEEG) allows recording of intracerebral EEG via orthogonal electrodes, giving access to both lateral (neocortical) and medial (limbic) temporal structures, as well as extratemporal cortices. Using several electrodes, it is now possible to sample the different mesial and neocortical structures and thus study their “collective” behaviour during seizures (Figure 1), alleviating the sampling problem inherent to intracerebral recordings.




  In the present chapter, we summarise some work performed by our group, focusing on studies using quantification of SEEG signals in mesial temporal lobe seizures.
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  Electrophysiology of pure mesial temporal lobe seizures




  ¦ Seizure genesis according to SEEG/intracerebral recordings




  The brain regions where seizures initiate are classically defined as the epileptogenic zone (EZ) (Bancaud et al., 1965). In MTLE, the EZ consists of different structures of the medial part of the temporal lobe.




  Based on hippocampal recordings, the transition between the interictal period and ictal rapid discharges (RDs) has been shown to schematically take the form of two classic patterns (Engel et al., 1989; Spencer et al., 1992; Velasco et al., 2000). In the first pattern (“type 1”), the transition from interictal to ictal activity is characterized by the emergence of a low-frequency high-amplitude rhythmic spiking followed by an RD (Figure 2A). In the second pattern (“type 2”), the seizure onset is characterized by the emergence of an RD without prior spiking (Figure 2A). Pattern 1 has been shown to be more restricted to the hippocampus than pattern 2, which tends to be more “regional”. The mean duration of the RD has been found to be 8.9±3.2 seconds with frequencies ranging from 12 to 35 Hz (Bartolomei et al., 2004) (Figure 2B).
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  An important feature is the extension of the discharges through the mesial temporal lobe. Indeed, it is normal for distinct structures of the mesial part of the temporal lobe to be conjointly involved at the beginning of seizures. This point is illustrated in Figures 3 and 4 in which seizures start by RDs over several mesial structures. In addition, in pure mesial seizures the neocortical part of the temporal lobe is only secondarily affected by the ictal discharge, a major criterion for the distinction between pure mesial seizures and other types of TLEs.
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  The seizure onset is marked by the emergence of rapid discharge affecting the medial structures: amygdala (A), entorhinal cortex (EC), anterior hippocampus (HIPa), posterior hippocampus (HIPp) and internal part of the temporal pole (TPi). Other structures are affected later; the middle temporal gyrus (MTG), insular cortex (INS), superior temporal gyrus (STG) and frontal regions (orbitofrontal [FO] and superior frontal gyrus [SFG]). Each line represents the recording between two adjacent contacts. The involvement of several structures is indicated, including neocortical regions during seizure propagation, approximately 30 seconds after the onset. Bold: mesial structures; italics: lateral structures.




  Three mesial structures are represented disclosing pre-ictal changes followed by rapid discharge. The upper part of the figure shows a map of beta/gamma activity showing the onset of rapid discharge in the three structures.




  ¦ Quantification of SEEG signal interdependencies: an analysis of network dynamics




  As indicated above, the seizure onset characterized by the RD often involves distant and functionally distinct brain sites almost simultaneously. Thus, it could be hypothesized that a “synchronizing phenomenon” gives rise to the simultaneous start of fast oscillations. This hypothesis prompted us to study the spatio-temporal dynamics of these phenomena by measuring the interdependencies between generated signals.




  Epileptic phenomena have been known for a long time to be associated with dramatic changes in brain synchrony mechanisms (Brazier, 1972) and subsequent studies have shown that seizures in humans are associated with abnormal synchronization of distant structures (Bartolomei et al., 1999; Gotman, 1996; Le Van Quyen et al., 1998). This synchronization can be quantified by measuring the interdependencies between signals recorded in different brain regions involved in the EZ. Numerous methods have been proposed over the past decades, often categorized according to their ability to assess the linear (such as coherence or linear regression analysis) or non-linear (mutual information, non-linear regression analysis and similarity between state-space trajectories reconstructed from observed signals) properties of the relationship (Ansari-Asl et al., 2006). Using these methods, it is therefore possible to study functional associations between several brain regions which may or may not be involved at seizure onset. The use of non-linear approaches is probably best suited as it does not require assumptions on the nature of the relationship (Bartolomei et al., 2001a). In this context, the so called non-linear regression analysis was introduced by Pijn et al. (Pijn & Lopes Da Silva, 1993) in the middle of the '90s. This provides a parameter, referred to as the non-linear correlation coefficient h2, with values of between 0 and 1. Low values of h² denote the independence of two signals X and Y under analysis. On the other hand, high values of h2 indicate that the second signal Y may be explained by a transformation (possibly non-linear) of the first signal X (i.e. both signals are dependent). In addition, this method offers the possibility of studying the direction of the coupling between neuronal populations which is an important parameter to determine the “leader region” responsible for the “driving” input in the system. In addition to the estimation of h2, a second parameter has been proposed (Bartolomei et al., 2001a) which provides information about the “causal relationship” of the association. This parameter, referred to as the direction index D, takes into account both the estimated time delay between signals X and Y (latency) and the asymmetry property of the non-linear correlation coefficient h2 (values of the h² coefficient are different according to whether computation is performed from X to Y or from Y to X). Values of parameter D range from ­ 1.0 (X is driven by Y) to 1.0 (Y is driven by X). These methods have been mainly applied in the last five years for the study of temporal lobe seizures (TLS) (Bartolomei et al., 1999; 2001a; 2004; 2005; Wendling et al., 2001). Results of signal quantification demonstrate that the regions involved in the EZ establish preferential functional links during a seizure and militate in favour of the existence of a network organization of the EZ. In addition, the study of the statistical relationship between SEEG signals at seizure onset has allowed us to identify four subtypes of TLE according to the interactions between mesial (amygdala-hippocampus-entorhinal cortex) and neocortical structures: mesial, mesial-lateral, lateral-mesial and lateral (Bartolomei et al., 1999; 2001a).




  MTLS are the most frequent type of TLS; a typical example investigated using non-linear correlation is shown in Figure 5. In this group, functional coupling between several regions belonging to the mesial structures is observed. Absence of coupling between mesial and neocortical structures at seizure onset is also a characteristic feature of these seizures.
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  A more general phenomenon is that the coupling between mesial temporal structures at seizure onset is maximal before the emergence of the low-voltage RD and tends to decrease thereafter and then increase once again later during the course of the seizure. This phenomenon is illustrated in Figure 5. This “pre-ictal” synchronization has been particularly quantified in a group with MTLE, by studying the interactions between entorhinal cortex, hippocampus and amygdala (Bartolomei et al., 2004).




  Relative to the pattern of ictal onset, we identified that seizures starting with a fast discharge seemed to be predominantly under the control of the entorhinal cortex (pattern 2), while seizures starting with “pre-ictal” periodic spiking were probably more likely to be triggered by the hippocampus (pattern 1) (Bartolomei et al., 2004; 2005). Finally, the pattern of synchronization/desynchronization between regions forming the EZ appears to be a characteristic property of the EZ which may be observed in many different forms of partial seizures (Schindler et al., 2007). Synchronization before the emergence of RD was found to predominantly involve low frequencies (Ponten et al., 2007).




  The EZ may be thus considered as a set of hyperexcitable structures which transiently “couple” their activity and generate RDs. It is remarkable that even in the interictal state, the structures belonging to the EZ are probably characterized by an increase of synchronization (Bettus et al., 2008; Schevon et al., 2007), in part, linked to the interictal spikes (Bettus et al., 2008). This state of hypersynchronicity probably “primes” the system for ictal genesis. The mechanisms of seizure generation are, however, unknown. According to simulation studies, ictal genesis in the mesial temporal lobe has been proposed to depend on the gradual decrease of dendritic inhibition with preserved somatic inhibition of the principal cells (Wendling et al., 2002; 2005).




  Later, in the course of the seizure, synchronization occurs between distant structures which do not belong to the EZ and may involve neocortical interactions (Bartolomei et al., 2002), as well as interactions between neocortex and subcortical structures, such as the thalamus (Guye et al., 2006). It is noteworthy that most of the clinical symptoms of TLE seizures are related to the extent of the discharge outside the zone of seizure onset. In particular, loss of consciousness has been reported to occur when seizures involve the thalamus and neocortical associative cortices (Arthuis et al., 2008; Guye et al., 2006) (Figure 6).
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  ¦ Quantification of the “epileptogenic zone” using the “epileptogenicity index” method in mesial temporal lobe epilepsies




  For clinicians facing the problem of definition of the EZ based on analysis of intracerebral EEG signals, two parameters are generally considered in order to qualitatively determine the degree of “epileptogenicity” of a given structure and its subsequent contribution to the EZ. The first parameter is the capability of a given structure to generate RDs typically in the beta and/or the gamma range of frequency, as measured by classic Fourrier transform analysis (Alarcon et al., 1995; Allen et al., 1992; Wendling et al., 2003). RDs have long been recognized to be one of the most characteristic patterns of the EZ in focal epilepsy (Bancaud et al., 1965). The second parameter is the delay of involvement of the structure with respect to the onset of the seizure. Indeed, it is generally accepted that the earlier the appearance of an RD in a given brain area, the more epileptogenic this area. Therefore, both the spectral content and the delay of appearance of the fast ictal activity appear as crucial parameters for determining the EZ. However, until recently, no attempt to quantify the combination of these two phenomena (appearance of high-frequency oscillations and latency with respect to seizure onset time) has been made. We have proposed a new approach to quantify the “epileptogenicity” of recorded brain structures based on the analysis of intracerebral EEG signals (Bartolomei et al., 2008). This approach is based on an “epileptogenicity index” (EI), which combines both spectral and temporal parameters, related to the propensity of a brain area to generate RDs and the time for this area to become involved in the seizure process, respectively. After normalization and for each quantified structure, the EI values may vary between 0 (no epileptogenicity) and 1 (maximal epileptogenicity) (for further explanation, refer to Figure 7).
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  In this study, the epileptogenicity index was determined in mesial (including hippocampus, entorhinal cortex, temporal pole and amygdala) and lateral structures of the temporal lobe in patients with MTLE. Two types of MTLE were included; one with hippocampal sclerosis and the other with normal MRI (the so-called “paradoxical MTLE” [Cohen-Gadol et al., 2005]). As indicated in Figure 8, the highest values of the EI were obtained in the mesial structures but were not restricted to a single mesial structure (i.e. a “focus”), but rather corresponded to a set of mesial structures, mostly in the anterior part of the temporal region. This result is in line with the view that extended networks are affected in MTLEs. Even if MTLE is considered to be a relatively homogeneous entity, individual results clearly show variable epileptogenicity profiles from one patient to another. However, taken as a whole, results indicated that the two most epileptogenic structures in MTLE are the anterior hippocampus and the entorhinal cortex. For some patients (three in this group) high values were disclosed in the amygdala. Future studies are required to better determine if subgroups of MTLE may be distinguished according to the distinct epileptogenicity of mesial structures.
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  Another interesting result of this study is the evidence of a correlation between the extension of the epileptogenic zone and the duration of epilepsy. It has long been proposed that epileptogenesis is an active process that could develop over years. Some studies have reported a significant relationship between the duration of epilepsy and the degree of mesial temporal atrophy (Bernasconi et al., 2005; Liu et al., 2005). We found that the extent of the EZ, characterized by the number of structures disclosing high EI values, was strongly correlated with the duration of epilepsy. This finding may be interpreted as the gradually increasing propensity of epileptogenic networks to generate RDs. This interpretation also relates to the so called process of “secondary epileptogenesis”. In the long term, these changes lead to epileptic discharges in the other structures and provoke an extension of epileptogenic networks (Morrell, 1989; Sutula, 2001; Wilder, 2001). Our findings add strong arguments for the existence of such mechanisms in human epilepsy and support the results of Janszky et al. (2005) that early surgery is more effective in patients with drug-resistant MTLE.




  The distinction between mesial seizures and other forms of temporal lobe epilepsy seizures




  Pure mesial seizures are not the only anatomo-functional subtype of TLE seizures, even if the current literature generally tends to underestimate the other forms of TLE seizures. TLE is classically recognized to include two types of EZ; the mesial temporal lobe subtype (the EZ is localized in the temporal mesial lobe) or the lateral subtype (the EZ is localized within the neocortex) (Commission, 1989). These two forms may be distinguished according to the aetiology or the ictal electroclinical semiology. This dichotomous classification has, however, been challenged by studies using lateral/orthogonal depth electrodes (SEEG) showing that other forms of TLE may exist (Bancaud et al., 1965; Bartolomei et al., 1999; Wieser, 1983). It has been shown that a great number of TLEs are in fact characterized by a more complex EZ including both mesial (M) and lateral (L) cortices (mesio-lateral subtypes) (Bartolomei et al., 1999; 2001a). Mesio-lateral (ML) subtypes are more frequently associated with lesional temporal lobe epilepsies (Maillard et al., 2004; Usui et al., 2008).




  In these situations, the seizure onset takes place in both mesial and neocortical compartments of the temporal lobe. An example of ML seizures is shown in Figure 9. In these seizures, a rapid “tonic” discharge is observed over the temporal neocortex at the onset of the seizure (Bartolomei, et al., 1999). Quantitative analysis has shown an initial increase in non-linear correlation coefficient or coherence between neocortex and mesial structures (Bartolomei et al., 1999; 2001a). This subtype is rarely associated with hippocampal sclerosis (Maillard et al., 2004).




  Recently, complex epileptogenic networks, including temporal lobe structures and adjacent extratemporal cortices (ET), have been referred to as “temporal plus” seizures (T+S) (Barba et al., 2007). T+S may be suspected when clinical features are suggestive of extratemporal involvement (such as gustatory hallucinations) with important EEG abnormalities. The extension of the EZ outside the limit of the surgical procedure is thought to be a major determinant of epilepsy surgery failure particularly when focal or conservative surgery has been proposed in a given patient.
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  The temporal lobe is amongst the anatomical brain regions most susceptible to seizures in mammals. One of the central structures is the hippocampus, localized at the mesial part, bordering the inferior horn of the lateral ventricle. An intriguing observation is the selective vulnerability of hippocampal subregions when tissue specimens obtained from patients with chronic drug-resistant epilepsies are analysed. Based on astroglial “scarring” of the affected brain tissue, the term Ammon's horn sclerosis was coined as early as 1880. Nowadays, the classification of specific histopathological patterns is increasingly recognized and helpful for the prediction of postsurgical seizure control in individual patients. The most frequent pattern of mesial temporal sclerosis (MTS, also known as hippocampal sclerosis and Ammon's horn sclerosis) involves neuronal loss in all hippocampal segments (MTS type 1a and 1b) and is associated with favourable seizure relief after surgical resection. However, atypical patterns, with cell loss restricted either to the CA1 region (MTS type 2) or CA4 segment (MTS type 3), should also be recognized by histopathological inspection. These patients experience their first seizures at a significantly later time point and have less favourable seizure relief after surgery. The majority of MTS patients also present with alterations within the dentate gyrus (DG), an anatomically distinct region but functionally tightly connected to the hippocampal formation. There is increasing knowledge that granule cell loss in the dentate gyrus is associated with cognitive dysfunction. Thus, systematic neuropathological investigations are helpful to further explore epileptogenic pathomechanisms, as well as compromised memory function, in patients with mesial temporal lobe epilepsies.




  Microscopic anatomy of the human hippocampus




  The anatomical description of the human hippocampus has a long and varied history led by Julius Caesar Arantius in 1587, a pupil of the famous Italian anatomist Andreas Vesalius (Lewis, 1923). Arantius compared the anatomical elevations within the inferior horn of the lateral ventricles with that of a seahorse (hippocampus), with the animal's head pointing either to the third ventricle or the anterior part of the temporal lobe. Confusion was further promoted by de Garengoet in 1742, who compared the mesial view of the hippocampus with the Ammon's horn adopted from the Egyptian god Ammun Kneph (Lewis, 1923; Walther, 2002). The pyramidal cell layer of the various hippocampal subregions is now microscopically recognized as the Cornu Ammonis (the CA areas) and, indeed, also resembles a ram's horn (Figure 1). The anatomical classification of hippocampal subfields is no less contradictory with many classification systems available, in some cases due to differences between rodent and human hippocampi. The classification introduced by Lorente de Nó in 1933 (Lorente de Nó, 1933) is predominantly used and comprises four designated hippocampal sectors, namely CA1 to CA4. The transition areas between CA1 and the subiculum or between the CA3 and CA4 regions remain, however, difficult to clarify using routine staining techniques.
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  Clinico-pathological findings in mesial temporal sclerosis




  Histopathological studies in patients with pharmacoresistant temporal lobe epilepsies have identified MTS as a major histopathological finding (Blümcke et al., 2002; Thom et al., 2005b). In a large series of 3,311 patients suffering from TLE, MTS was identified in 48%. Within our entire cohort of 4,512 epilepsy patients undergoing surgical resection for various aetiologies, MTS was recognized in 35.2%, with 5% presenting as dual pathology, i.e. in combination with focal cortical dysplasia (FCD), tumours or scars (see below). Although the pathogenesis of MTS remains to be identified, clinical histories follow a characteristic pattern in most patients. In one cohort, approximately 50% of patients were reported to suffer from an “initial precipitating injury” before the age of four years and complex febrile seizures were the most frequently noted events (Blümcke et al., 2002). Birth trauma, head injury or meningitis are other early childhood lesions observed in TLE patients. The mean age at onset of spontaneous complex partial seizures is reported to be 11.5 years (Blümcke, 2009). Molecular or functional analysis can usually not be obtained at this early and clinically silent period, and the diagnosis of MTS is verified after a long, frustrating period of antiepileptic medication. The mean age at the time of surgery is 34.6 years with a history of epileptic seizures over 23.3 years. As in most other series reported so far, both genders are equally affected and a familial history of TLE is very rare, indicating that hereditary factors do not play a major role in MTS-associated TLE.




  MTS is characterized at the histopathological level by segmental pyramidal cell loss in CA1 (Sommer's sector), CA3 and CA4, whereas CA2 pyramidal and DG granule cells are more “resistant” to seizures (Sommer, 1880). Notwithstanding, several interneuronal cell populations are also affected, i.e. neuropeptide Y, somatostatin-immunoreactive interneurons and/or mossy cells in the CA4 sector (Blümcke et al., 2000; de Lanerolle et al., 2003). Neuronal cell loss is invariably associated with reactive astrogliosis, resulting in stiffening of the tissue, and gives rise to the traditional term of “Ammon's horn sclerosis” (Sommer, 1880). What determines the mechanisms of selective neuronal vulnerability between these morphologically similar neuronal cell populations is an intriguing question, however, this topic is a matter of ongoing studies and will not be further discussed here. Abnormal neuronal circuitries (aberrant mossy fibre sprouting) (Sutula et al., 1989) and molecular rearrangement/plasticity of ion channel and neurotransmitter receptor expression (Becker et al., 2002; Bernard et al., 2004) are some of the many major pathomechanisms described.




  Clinical studies assume mesial temporal lobe epilepsies to be a heterogeneous entity with different aetiologies and clinical histories (Janszky et al., 2005; Mathern et al., 1995a; Wieser, 2004). Hence, neuropathological investigations have described different patterns of neuronal cell loss within hippocampal subfields and adjacent temporal lobe structures (de Lanerolle et al., 2003; Mathern et al., 1995b; Wyler et al., 1992). An intriguing aspect, therefore, is the identification of determining factors of hippocampal pathology patterns. A reliable neuropathological classification system will be helpful to separate distinct pathological subgroups and to better predict postsurgical seizure control. A first systematic attempt was published in 1992 by Wyler (Wyler et al., 1992), referring to percentages of neuronal cell loss within identified hippocampal subfields CA1-CA4. The Wyler score is well established in the neuropathological work-up of MTS and threshold values are defined as either 10% (Wyler score 1 = mild MTS) or 50% neuronal loss. Classification includes five grades (W0: normal, W1: mild, W2: moderate, W3: classic hippocampal sclerosis and W4: severe hippocampal sclerosis). Cell loss restricted to CA4 is described as “Endfolium sclerosis” by Wyler et al. and subsumed into W2. In previous investigations, certain difficulties evolved using the Wyler score to identify mild hippocampal sclerosis on the basis of 10% neuronal cell loss within CA1 and CA3/CA4. Our own analysis identified 10% neuronal loss within the first standard deviation of age-matched control individuals. An extension and revision of the Wyler score was subsequently published by Proper (Proper et al., 2001; Wyler et al., 1992) to include mossy fibre sprouting. Mossy fibre sprouting as well as reactive gliosis are frequently associated with long-term mesial temporal lobe epilepsy, and both were confirmed in a variety of different animal models (Blümcke et al., 1999; Borges et al., 2003; Mathern et al., 1995b; Nadler, 2003; Parent et al., 1997; Proper et al., 2000). However, any histopathological classification system should be intentionally based on general histopathological techniques and staining protocols applicable to any pathology laboratory worldwide (Wieser, 2004).




  A novel clinico-pathological classification system for hippocampal cell loss has been proposed for patients suffering from mesial temporal lobe epilepsies (Blümcke et al., 2007). In this, five distinct patterns were proposed (Figure 2), based on association with specific clinical histories and probability for postsurgical seizure control (Blümcke et al., 2007; Stefan et al., 2009).
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  Mesial temporal sclerosis variants in patients with mesial temporal lobe epilepsy




  ¦ No mesial temporal sclerosis




  Despite electrophysiological evidence for mesial temporal lobe generation of seizures, microscopic features of neuronal cell loss were reported to be absent in approximately 20% of mesial temporal lobe epilepsy (MTLE) patients (Blümcke et al., 2007). Moreover, cell density measurements were not significantly different from age-matched autopsy controls (a 10% difference in either more or less neuronal cell density was obtained, relative to controls, based on standard deviation). We designated this group “No mesial temporal sclerosis” (no MTS). This observation has been frequently reported in neuropathological surveys of similar MTS series (Blümcke et al., 2002; Thom et al., 2005b). The epileptogenic pathomechanisms of hippocampal seizure generation remain to be further determined, but are suggested to be similar to kindling in TLE animal models.




  ¦ Mesial temporal sclerosis type 1a and 1b (classic and severe hippocampal sclerosis)




  The largest group of MTS cases presents with a classic (MTS type 1a) or severe pattern (MTS type 1b) of segmental neuronal cell loss affecting CA1-CA4. There are, however, considerable similarities between MTS type 1a and 1b which may be distinguished based on the degree of CA3 and CA2 pyramidal cell loss; MTS type 1a is associated with moderate CA2 cell loss and MTS type 1b with severe CA2 cell loss. This distinction is reasonably similar to Wyler scores W3 and W4 (Wyler et al., 1992). Correlation with clinical data points to an early age of preceding events (< 3 years) which is an important predictor of classic and severe hippocampal pathology patterns.




  ¦ Atypical mesial temporal sclerosis type 2 (CA1-sclerosis) and type 3 (CA4-sclerosis)




  Two atypical variants are characterized either by severe neuronal loss restricted to sector CA1 (MTS type 2) or CA4 (MTS type 3). In MTS type 2, preceding events are documented at a later age (mean of six years), whereas in MTS type 3 and normal appearing hippocampus (no MTS) the first event appears beyond the ages of 13 and 16 years, respectively.




  This novel MTS classification system allows some prediction of postsurgical outcome (Blümcke et al., 2007; Stefan et al., 2009). The most favourable outcome was achieved in patients presenting with MTS type 1a and MTS type 1b (> 83% seizure freedom), whereas only half of patients with atypical MTS patterns (type 2 and type 3) became seizure-free. However, this classification system will need further confirmation in independent patient cohorts to assess inter-observer reliability.




  Mesial temporal lobe epilepsy: associated pathology of the dentate gyrus




  The population of DG granule cells is pathologically affected in the vast majority of MTS patients. Lesional patterns in this anatomically distinct compartment range from granule cell dispersion in almost 50% of patients (Blümcke et al., 2002) to severe cell loss in patients with MTS type 1a and 1b (Figure 3). Neuropathological criteria for granule cell alterations have not been firmly established (Wieser, 2004). Increased granule cell lamination above 10 layers, with smaller perikarya and larger intercellular gaps, is proposed to be pathognomonic. Ectopic cluster and bilamination within the molecular layer can also be identified, although to a lesser extent. Since granule cell pathology is not internationally standardized, clinico-pathological studies have yielded complementary as well as controversial results (El Bahh et al., 1999; Harding & Thom, 2001; Houser, 1990; Houser et al., 1992; Mathern et al., 1997; Sagar & Oxbury, 1987; Thom et al., 2005a).




  We recently proposed a clinico-pathological classification of DG pathology based on the examination of 96 surgically resected hippocampal specimens (Blümcke et al., 2009). Three different histopathological patterns were described: 1) normal granule cell layer (no granule cell pathology, no-GCP); 2) substantial granule cell loss (GCP type 1); and 3) architectural abnormalities including one or more of the following features: granule cell dispersion, ectopic neurons or clusters of neurons displaced into the molecular layer, or bi-lamination (GCP type 2). Cell loss was always encountered for the latter group. There was a significant association between DG pathology patterns and older patient age at epilepsy surgery and longer epilepsy duration. No correlation was observed between GCP patterns and MTS scores (i.e. extent of pyramidal cell loss in adjacent hippocampal segments) or with postsurgical seizure relief (Blümcke et al., 2009).
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Figure |. Classifcation of MTLE subtypes and their main ictal cinical features (moified from Kahane & Bartolomei,
2000).
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Figure 9. A. lcal discharges involving both the temporal neocortex and the mesial temporal structures (a latero-
mesial seizure) in a patient with 2 atero-basal lesion (tumour) of the temporal lobe. B. Non-inear correlation analysis
of the coupling between the lateral temporal cortex and the entorhinal cortex. The h? coefiicient increases at the
beginning of the seizure during the phase of spiking, before decreasing. The direction index D indicates that during
the synchronization phase, the lateral neocortex is the “leading” structure.
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Figure 3. Example of a mesial temporal obe seizure (type 2 pattem).

The seizure onsec is marked by the emergence of rapid discharg afectng the medial structures: amygdala (A), entorhiral
cortex (EC), anterior hippocampus (HIPa), posterior hippocampus (HIPp) and internal part of the temporal pole (TP,
Other structures are affeted later; the middle temporal gyrus (MTG), insular cortex (INS), superior temporal gyrus
(STG) and frontl regions (orbitofrontal [FO] and superior frontal gyrus [SFG]). Each line represents the recording
between two adjacent contacts. The involvement of several struccures is indicated, inclucing neocortical regions during,
seizure propagation, approximately 30 seconds after the onset. Bold: mesial structures;ialis: lateral structures.
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Figure . A. Example of depth electrode implantation for stereoelectroencephalographic (SEEG) exploration in
temporal lobe epilepsy. Lateral view of depth electrodes superimposed on a 3D reconstruction of the neocortical
surface of the brain. I this case, brain structures were explored with six intracerebral multiple contact electrodes
denoted by the letters A, B, C, Tp, Tb and T. Internal contacts of electrodes Tp, A, B, and C recorded four mesial
structures (the internal part of the temporal pole, the amygdala, the anterior hippocampus, and the posterior hip-
pocampus, respectively). The external contacts recorded four lateral structures (the external part of the temporal
pole, the anterior, the middle, and the posterior part of middle temporal gyrus, respectively). Internal and external
electrode T contacts were used to explore two main structures (the insula and the superior temporal gyrus, res-
pectively). Internal contacts of electrode Tb reached the entorhinal cortex. The reconstruction of the trajectory of
the electrodes Tb and B, superimposed on the coronal MRI view, is also shown. B. Superimposition of electrode B.
traces on MRI; intenal contacts are within the hippocampus. C. Superimposition of electrode TB on MRI; internal
contacts are within the entorhinal cortex.
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Figure 6. Example of a seizure with early synchrony between the thalamus and temporal lobe structures in a case
of MTLE (with normal MRI). Non-inear correlation was studied between the temporal lobe structures (Hip: hippo-
‘campus; EC: entorhinal cortex; NC: temporal neocortex) and the midiine thalamus (TH). A large increase in corre-
lation (determined by the coeficient h?) between temporal lobe and thalamus is observed as soon as the seizure

starts (1).
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Figure 2. A. Patterns of ictal onset in mesial temporal seizures. Type I: pre-ictal spiking followed by rapid discharge;
type 2: rapid discharge without pre-ictal spiking. B. Time-frequency representation shows rapid discharges with
frequency ranging from 15 to 25. Hip: hippocampus; EC: entorhinal cortex.
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Figure |. Microscopic anatomy of the human hippocampus.
A Coronar section through the mid-body of the human hippocampus. Pigmen:-Nisslstaining of a 40 im vibratome
section. Borders between pyramidal cell layers are not aways sharp nor easy to define at low magpification. This
applies in particular to transition areas between CAI and subiculum or CA3 — CA4, B. Higher magnification of the
Dentate Gyrus (from Figure IA). The three-layered Dentate Gyrus is composed of a molecular layer (ML), granule
cell ayer (GC) and polymorphic layer (PML). I addition, two blades can be developmentally distinguished (Altman
& Bayer 19%0),ie, the external (DGext) vs. internal imb (DGint). The term “Hilus” should be restricted to the
rodent hippocampus, and s not defined by Lorente de No (1933). The same applies for the term “Endfolium’”, which
i not a proper anatomical terminology for this region.

Ht: hippocampal fissure; fim: fimbri; alv; alveus. Scale bar: | mm.
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Figure 4. Another example of a seizure starting with pre-ical spiking (pattern ).
Three mesial structures are represented disclosing previctal changes followed by rapid discharge. The upper part
of the figure shows a map of beta/gamma activity showing the onset of rapid discharge in the three structures.





OEBPS/Images/16.gif
SEEG
recording

Hippocampus 11 50 s ]

Entorhinal Cortex

SEEG
recording

Index D

Figure 5. A study of functional coupling beoween the enorhinal cortex and hippocampus i
temporal lobe seizures. An increase in synchrony (1) during the phase of pre-ctal spiking
by the coeficient h? between the two structures. The direction index D indicates that the acti

(Hipp) “leads” tha recorded in the entorhinal cortex (EC). Note that the rapid discharge is associated with a decrease
in correlation (2).
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Figure 7. Determination of the epileptogeniciy index ().

A Example of an intracerebral EEG recording (lmited to 5 channels). B. The Page-Hinkley algorithm provides a
detection time Nei (n red) for each brain structure involved in the generation of a rapid discharge. The frst detection
time is arbitrarily defined as the reference time NO (aHIP in this case). For each EEG signal recorded from a given
brain structure (EC, AMY, eic), the El is then defined as the energy ratio ER[n] (rtio of the energy in gamma and
beta sub-bands divided by the energy in theta and alpha bands) divided by the delay 3 of involvement of the considered
structure with respect to time NO (ime interval following detection). The signal energy ratio (ER) is determined,
between high (B[124-24 Hz] and 1{24-90 Hz]) and low (8[34-74 Hz] and a[7.4-12.4 Hz]) frequency bands of the
EEG from the signal spectral density T(w) (squared modulus ofis Fourier transform). C. Colour-coded map showing
the evolution of the energy ratio with time (same information as in B. From top to bottom, this representation
displays the early involvement of the anterior hippocampus (aHIP) and the entorhinal cortex (EC), as well as the
delayed rapid discharge in the amygdala (AMY) and subsequently in the middle temporal gyrus (MTG). Note that
the algorithm does not detect any rapid discharge in the insula (INS). (Adapted with permission from Bartolomei
et al, 2008).
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Figure 8. Values of the epileptogenicity index (El) determined from mesial and lateral structures of the temporal
lobe in 17 patients with MTLE.

A. El values were averaged from the |7 patients. Mean El values were signiicantly higher in mesial El averaged from
the mesial structures) than lateral structures (El averaged from the lateral structures). The values of averaged El
from the 17 patients i presented graphically for mesial structures (M) and lateral structures (L). Most of the El values
are greater than 0.3 for mesial structures and less than 0.3 for lateral cortices. B. Mean and standard deviation of
IE values obtained from the different explored brain regions averaged over the |7 patients for each structure. Black
‘columns: mesil structures; grey columns: lateral structures; aHIP: anterior hippocampus; EC: entorhinal cortex;
PHIP: posterior hippocampus; AMY: amygdala; iTP: internal temporal pole; aMTG: anterior middle temporal grrus;
&TP: external temporal pole; pMTG: posterior part of the middle temporal gyrus; STG: superior temporal gyrus;
INS: insular cortex. (Adapted with permission from Bartolomei et al, 2008).
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Figure 2. New mesial temporal sclerosis classifcation system.

A. Microscopic examination of surgical hippocampus specimens revealed distinct neuropathological subgroups
(Blumcke et o, 2007). Classcal patterns of hippocampal sclerosis encounter major cellloss inall pyramidal cel layers
with the exception of CA2 (MTS Type Ia). Severe MTS (MTS Type Ib;not shown) involvesalso CA2. B. Granulecelloss
s often variable. In the presented example (higher magrification from Figure IA), granle cell lossis pronounced in the
internal (DGint) compared to the externallimb (DGext). This finding i frequentl associated with impaired memory in
theaffected patient (Pauict o, 2006). C. Atypical MTS patterns need to be histopatholoicallydistinguished. MTS Type 2.
refers to pronounced cellloss only in the CA I sector (shaded region). D. MTS Type 3 refers to pronounced cell oss in
the CA4 sector (shaded region; similar to the description of“endfolium sclerosis” [Margerison & Corsells, 1966]). These
patients experienced their first seizures ata ignificant ater time point and have less favorable seizure relief fter surgery.






